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Abstract

A novel series of substituted 2-thiohydantoin incorporated with benzoimidazole, pyrazole, triazole and/or benzoxa-
zole moieties has been synthesized using (£)-3-[1-(4-bromophenyl)ethylideneamino]-2-thioxoimidazolidin-4-one 1
as the key starting material. The key material 1 also, reacted with an acetic anhydride, aromatic aldehydes, secondary
amines, formaldehyde and triethyl orthoformate to give the corresponding acetyl, chalcone, Mannich bases and eth-
oxymethylene derivatives, respectively. The structures of the novel compounds were confirmed by spectral data and
elemental analysis. The cytotoxic activity of all synthesized compounds was assessed in vitro against human hepato-
cellular cancer cell line (HePG-2) and breast carcinoma cell line (MCF-7). The bioassay results revealed that compound
14 has the best activity against HePG-2 cell line (IC5, = 2.33 pg/mL), while compound 5 has the best activity against

MCF-7 cell line (IC5y=3.98 pug/mL).
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Introduction

2-Thioxoimidazolidin-4-one ring (2-thiohydantoin) has
been extensively studied. This five-membered heterocy-
clic ring is present in a wide range of biologically active
compounds. The biological activities have been shown
by some of their derivatives are mainly, anticonvulsant
[1], antiviral [2], antiproliferative [3], anticancer [4-9],
antibacterial, antifungal [10], anxiolytic [11], antidia-
betic activity [12] and also used as inhibitor of a fatty acid
amide hydrolase [13]. Additionally, 2-thiohydantoins are
used in synthetic chemistry as in skin hyperpigmentation
applications [14], in the production of antimicrobial poly-
urethane coatings [15], in textile printing, polymerization
catalysis [16] and as a reagent for development of dyes
[17]. The observed activities arise from the thiohydantoin
heterocycle, but the different substituents attached to it
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are determinant in these properties. Diverse applications
of 2-thioxoimidazolidin-4-one in drug field have encour-
aged the medicinal chemists to synthesize and evalu-
ate a large number of novel molecules. In this research
point, we design new compounds based on the biologi-
cal activity of other heterocycles such as pyrazoles [18,
19], triazoles [20, 21], benzimidazole [22], benzoxazole
[23] and Schiff bases [24-26] in the field of cancer and
microbial therapy. As an extension of our work on the
synthesis of heterocyclic systems and evaluation of their
biological activity [27-33], we reported here the synthe-
sis of some novel substituted 2-thiohydantoin and evalu-
ate their cytotoxic activity. (E)-3-[1-(4-bromophenyl)
ethylideneamino]-2-thioxoimidazolidin-4-one 1 was pre-
pared and used as the building block for the synthesis of
the novel compounds.

Results and discussion

Chemistry

As an extension of our interest on the chemistry of
2-thiohydantoin, we reported here the synthesis of
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novel derivatives using (E)-3-[1-(4-bromophenyl)
ethylideneamino]-2-thioxoimidazolidin-4-one 1 as the
key starting material. Compound 1 was prepared via
reaction of (E)-2-[1-(4-bromophenyl)ethylidene]hydra-
zinecarbothioamide in the presence of sodium acetate
[27, 28]. Alkylation of 1 with ethyl chloroacetate in the
presence of anhydrous potassium carbonate gave (E)-
ethyl 2-{3-[1-(4-bromophenyl)ethylideneamino]-4-oxo-
2-thioxoimidazolidin-1-yljacetate 2. The structure of 2
was confirmed by spectral data, elemental analysis and
chemical transformation. Thus, hydrolysis of the ester 2
with 2 N sodium hydroxide gave (E)-2-{3-[1-(4-bromo-
phenyl)ethylideneamino]-4-oxo-2-thioxoimidazolidin-
1-yljacetic acid 3. Hydrazinolysis of 2 with hydrazine
hydrate in ethanol gave (E)-2-{3-[1-(4-bromophenyl)
ethylideneamino]-4-oxo-2-thioxoimidazolidin-1-yl}ace-
tohydrazide 4, which is a suitable intermediate for the
synthesis of the target compounds (Scheme 1). Cycliza-
tion of 4 with ethyl acetoacetate, acetylacetone and/or
ethyl cyanoacetate in acetic acid gave the corresponding
pyrazole derivatives 5, 6 and pyrazole-3,5-dione deriva-
tive 7, respectively. Also, reaction of 4 with ethoxymeth-
ylenemalononitrile (EMM) in ethanol under reflux gave
pyrazole-4-carbonitrile derivative 8 (Scheme 2).

To obtain a series of biologically active compounds,
compound 4 was treated with phenylisothiocyanate in
dimethylformamide to afford 9, which cyclized with
5% alcoholic sodium hydroxide to give 4-phenyl-5-thi-
oxo0-1,2,4-triazole derivative 10. Moreover, condensation
of 4 with different aromatic aldehydes namely, isonico-
tinaldehyde and 4-hydroxy-3-methoxybenzaldehyde in
ethanol in the presence of piperidine under reflux led to
the formation of Schiff bases 11a, b (Scheme 3).

To obtain substituted 2-thiohydantoin derivatives
incorporated with benzoimidazole and/or benzoxazole
moieties, compound 1 was reacted with triethyl orthofor-
mate and/or diethyl oxalate in xylene in the presence of
sodium metal under reflux to give 12 and/or 13, respec-
tively. Compound 13 was condensed with o-phenylen-
ediamine and/or 2-aminophenol in acetic acid under
fusion to give 14 and/or 15, respectively (Scheme 4).
Morover, new series of biologically active 2-thiohydan-
toin derivatives were prepared by acetylation of 1 with
acetic anhydride to give 16 and 17. Condensation of 16
with aldehydes such as vanillin in the presence of piperi-
dine under fusion gave chalcone derivative 18. Also,
Mannich base was prepared by reacting 1 with diethyl-
amine and formaldehyde in ethanol to give 19. Finally,
hydrazinolysis of 1 with hydrazine hydrate in ethanol
gave 20 (Scheme 5). The structures of the synthesized
compounds were confirmed by spectral data and elemen-
tal analysis.
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Biological assessment

In vitro anticancer screening

The anti-tumor activity of all synthesized compounds
has been evaluated against two cell lines HepG-2 cells
(human hepatocellular cancer cell line), and MCEF-7
(breast carcinoma cell line) [34—36]. The cell lines were
obtained from VACSERA Tissue Culture Unit, and the
experiments were performed by the Regional Center
for Mycology and Biotechnology, Al-Azhar Univer-
sity, Cairo, Egypt. Different concentrations of the tested
samples (500, 250, 125, 62.5, 31.25, 15.6, 7.8, 3.9, 2 and
1 pg/mL) were used to detect the inhibitory activity. Cell
viability (%) was determined by colorimetric method.
Doxorubicin was used as the reference drug, as it is one
of the most effective anticancer agents. The relationship
between drug concentration and cell viability was plot-
ted to obtain the survival curve of hepatocellular carci-
noma cell line HePG2 and breast cancer cell line MCE-7.
The IC;, value, which corresponds to the concentration
required for 50% inhibition of cell viability was calculated.

Tables 1, 2, 3 show the in vitro cytotoxicity of the syn-
thesized compounds against hepatocellular carcinoma
cell line HePG-2. Tables 4, 5, 6 show the in vitro cyto-
toxicity against breast carcinoma cell line MCF-7. Data
examination revealed that the tested compounds showed
good to moderate activity. Compound 14 has the best
activity against HePG-2 cell line (IC;,=2.33 pg/mL),
while, compound 5 has the best activity against MCEF-7
cell line (IC;;,=3.98 pg/mL) and compound 11a has the
lowest activity against HePG-2 cell line (IC;,=243 pg/
mL) and against MCF-7 cell line (IC;,=249 pg/mL).
The structure and biological activity relationship of the
title compound 1 showed that, the activity of thiohydan-
toin diverse with the substituents on it, where introduc-
ing active groups such as, CH;CO, OH, OCH,, OC,H,,
=CH-OC,H; enhanced the activity, also, the presence
of benzoimidazole, pyrazolone, pyrazole carbonitrile and
triazine moieties enhanced the activity of thiohydantoin,
while the activity was decreased by introducing benzoxa-
zole, pyrazolidinedione moieties and Schiff bases. Alkyla-
tion of thiohydantoin decreases the activity; however,
when the ester 2 was reacted with hydrazine hydrate
to form the acid hydrazide 4 the activity was enhanced
especially against MCE-7 cell line.

The resulting data of the 50% inhibition concentration
(IC5,) summarized in Table 7 showed that, the synthe-
sized compounds have different activity against hepato-
cellular carcinoma cell line HePG2 and breast cancer cell
line MCE-7.
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Conclusion

A novel series of substituted 2-thiohydantoin with
incorporated benzoimidazole, pyrazole, triazole and/
or benzoxazole moieties has been synthesized. The
structures of these compounds were confirmed by IR,
THNMR, ®CNMR, MS and elemental analysis. The bio-
assay results revealed that, Compound 14 has the best
activity against HePG2 cell line (IC;;=2.33 pg/mL),
while compound 5 has the best activity against MCF-7
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cell line (IC;;=3.98 pg/mL). Structure and biological
activity relationship showed that, the activity of thio-
hydantoin diverse with the substituents on it, where
introducing active groups such as, CH;CO, OH, OCHj,
OC,H;, =CH-OC,H; and the presence of benzoimida-
zole, pyrazolone, pyrazole carbonitrile and triazine moie-
ties enhanced the activity of thiohydantoin.
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3

Scheme 1 Synthesis of compounds 2,3 and 4
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Scheme 2 Synthesis of compounds 5,6,7 and 8
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Experimental section

Melting points were measured using electrothermal
digital melting points apparatus and are uncorrected.
IR (infrared) spectra were recorded on NICOLET (iS50
FT-IR) spectrometer using KBr pellets. 'H and '*C
NMR (nuclear magnetic resonance) were recorded on a
Bruker AS 850 TM spectrometer at 850 MHz and chemi-
cal shifts were given with respect to TMS (tetramethyl-
silane). Mass (MS) spectra were recorded on GC/MS
with CI (chemical ionization) and a Hewlett-Packard MS
Engine Thermospray and ionization by electron impact
to (70 eV). Microanalysis was conducted using elemental
analyzer 106.

Synthesis of (E)-3-[1-(4-bromophenyl)ethylideneamino]-2-
thioxoimidazolidin-4-one 1 A mixture of (E)-2-[1-
(4-bromophenyl)ethylidene]hydrazinecarbothioamide
(0.01 mol) and ethyl chloroacetate (0.01 mol) in etha-
nol (50 mL) in the presence of fused sodium acetate
(0.03 mol) was heated under reflux for 2 h, then cooled
and poured into water. The solid formed was filtered off,
washed with water, dried and purified from ethanol to
give 1.

Synthesis of (E)-ethyl 2-{3-[1-(4-bromophenyl)
ethylideneamino]-4-oxo-2-thioxoimidazolidin-1-yl}acetate
2

A mixture of 1 (0.01 mol), ethyl chloroacetate (0.01 mol)
and anhydrous potassium carbonate (0.015 mol) in
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20 mL ethanol was stirred under reflux for 6 h. The reac-
tion mixture was poured into an ice-water mixture. The
solid product separated was filtered off, washed with
water, dried and crystallized from ethanol to give 2 as
pale yellow crystals, in yield 92%, m.p 78-80 °C. "TH-NMR
(DMSO-dy): 6=7.79 (d, 2H, J=8.5 Hz, 2CH), 7.65 (d,
2H, J=8.5 Hz, 2H, 2CH), 4.52 (s, 2H, CH,), 4.16 (q, 2H,
J=6.8 Hz, CH,), 4.10 (s, 2H, CH,), 2.34 (s, 3H, CHj;) and
1.20 (t, 3H, J=6.8 Hz, CH,) ppm. *C-NMR (DMSO-d,):
d=171. 68 (C=S), 166.96, 162.10 (2C=0), 161.40 (C=N),
136.65, 131.46, 128.48, 123.66 (C-aromatic), 61.23 (CH,),
58.94 (CH,), 32.11 (CH,), 14.33 (CH,) and 14.24 (CHj,)
ppm. IR (KBr): 1742, 1711 (2C=0), 1611 (C=N) and
1386 (C=S) cm™'. MS: m/z (%): 398 (31), 397 (M™, "Br,
100) and 399 (M™, #'Br, 80). Anal. Calcd. C;;H,,BrN,0,S
(398.27): C, 45.24; H, 4.05; Br, 20.06; N, 10.55; S, 8.05;.
Found. C, 45.30; H, 4.11; Br, 19.97; N, 10.47; S, 8.10.

Synthesis of (E)-2-{3-[1-(4-bromophenyl)
ethylideneamino]-4-oxo-2-thioxoimidazolidin-1-yl}acetic
acid 3

Sodium hydroxide (30 mL/4 N) was added to a solution
of 2 (0.01 mol) in ethanol (30 mL), then heated under
reflux for 2 h. The reaction mixture was cooled and acidi-
fied with 2 N hydrochloric acid. The solid formed was
filtered off, washed with water, dried and purified from
ethanol to give 3 as pale yellow crystals, in yield 52%, m.p
213-215 °C. '"H-NMR (DMSO-d,): §=9.37 (br. s, 1H,
OH), 7.70 (d, 2H, /=8.5 Hz, 2CH), 7.57 (d, 2H, /=8.5 Hz,
2CH), 4.53 (s, 2H, CH,), 3.83 (s, 2H, CH,) and 2.28 (s,

@)
11
a, Ar = pyridinyl
b, Ar = CSH4 - OCH3 -4

Scheme 3 Synthesis of compounds 9,10and 11a, b
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Scheme 4 Synthesis of compounds 12,13, 14 and 15

3H, CH;) ppm. *C-NMR (DMSO-dy): §=173.45 (C=S),
168.83, 165.20 (2C=0), 157.19 (C=N), 131.77, 130.78,
128.70, 126.03 (C-aromatic), 75.1 (CH,), 29.81 (CH,) and
14.03 (CH,) ppm. IR (KBr): 3308 (br. OH), 1725, 1675
(2C=0), 1617 (C=N) and 1393 (C=S) cm~ . MS: m/z
(%): 370 (4), 369 (M*, "Br, 14), 371 (M™, ¥'Br, 1), 368
(M* —1, 34) and 57 (100). Anal. Calcd. C,3H,;3BrN;0,S
(370.22): C, 42.17; H, 3.27; Br, 21.58; N, 11.35; S, 8.66;.
Found. C, 42.27; H, 3.29; Br, 21.71; N, 11.48; S, 8.59.

Synthesis of (E)-2-{3-[1-(4-bromophenyl)
ethylideneamino]-4-oxo-2-thioxoimidazolidin-1-yl}aceto-
hydrazide 4

A mixture of 3 (0.0l mol) and hydrazine hydrate
(0.03 mol) in ethanol (20 mL), was heated under reflux
for 2 h, the reaction mixture was cooled, then poured
into ice/water solution and acidified with hydrochloric
acid (1 N). The resulting solid was filtered off, washed
with water, dried and crystallized from ethanol to give 4
as white crystals, in yield 85%, m.p 196-198 °C. 'H-NMR
(DMSO-dy): §=10.25 (s, 1H, NH), 8.30 (s, 2H, NH,),

7.90 (d, 2H, J=8.5 Hz, 2CH), 7.78 (d, 2H, /=8.5 Hz,
2CH), 4.43 (s, 2H, CH,), 4.07 (s, 2H, CH,) and 2.35 (s,
3H, CH,;) ppm. *C-NMR (DMSO-d): §=171.67 (C=S),
166.96, 165.43 (2C=0), 161.36 (C=N), 136.69, 131.45,
128.44, 123.67 (C-aromatic), 61.28, 44.32 (2CH,), and
14.38 (CH,). IR (KBr): 3407 (NH), 3225, 3190 (NH,),
1716, 1669 (2C=0), 1584 (C=N) and 1393 (C=S) cm ..
MS: m/z (%): 384 (34), 383 (M*, ”Br, 5), 385 (M*, 8'Br,
15) and 381 (100). Anal. Calcd. C;5H,;,BrN;O,S (384.25):
C, 40.63; H, 3.67; Br, 20.79; N, 18.23; S, 8.34;. Found. C,
40.69; H, 3.56; Br, 20.75; N, 18.35; S, 8.27.

Typical procedure for syntheses of compounds 5-7

A mixture of compound 4 (0.01 mol) and an equimolar
amount of ethyl acetoacetate or acetylacetone or ethyl
cyanoacetate (or diethyl malonate) was refluxed in 10 mL
of acetic acid for 5 h. The product formed after cool-
ing was filtered off, washed with water, dried and crys-
tallized with acetic acid to give compounds 5, 6, and 7,
respectively.
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Scheme 5 Synthesis of compounds 16,17, 18, 19 and 20

Table 1 Cytotoxicity of compounds 1, 2, 3, 4, 5, 6, 7 and 8 against hepatocellular carcinoma cell line HePG2

Concentration pg/mL Viability (%)/compound
1 2 3 4 5 6 7 8

500 526 19.86 297 748 3.04 3167 12.58 6.31
250 10.68 28.74 7.28 14.53 6.31 46.23 20.64 14.96
125 18.97 3945 11.49 21.84 10.25 68.92 31.75 20.85
62.5 25.14 68.17 16.85 2941 1643 83.64 4231 2643
31.25 34.72 79.52 23.72 38.63 22.37 93.51 64.15 38.14
15.6 48.25 9143 30.85 49.56 30.69 99.48 79.27 47.59
7.8 62.89 98.76 4193 71.38 38.15 100 88.74 60.31
3.9 78.03 100 5158 85.97 46.36 100 96.13 73.86
2 86.26 100 62.72 92.04 59.02 100 99.47 85.23
1 9041 100 70.88 97.13 74.15 100 100 90.67
0 100 100 100 100 100 100 100 100
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Table 2 Cytotoxicity of compounds 9, 10, 11a, 11b, 12, 13, and 14 against hepatocellular carcinoma cell line HePG2

Concentration ug/mL

Viability (%)/compound

9 10 11a 11b 12 13 14
500 843 832 23.84 1032 4.29 4.83 3.74
250 15.82 16.01 48.67 1947 11.82 12.56 891
125 2467 23.65 72.89 2793 2049 19.74 14.82
62.5 30.93 29.86 90.31 38.76 26.54 28.63 20.94
31.25 41.28 3740 98.16 5037 3275 35.16 25.86
15.6 4871 46.89 100 68.24 41.87 46.29 3143
7.8 62.39 58.62 100 81.49 5546 57.18 37.82
3.9 78.24 73.94 100 90.65 73.82 7042 45.27
2 88.65 81.47 100 97.34 81.46 83.29 50.94
1 94.27 89.53 100 100 88.73 89.64 62.35
0 100 100 100 100 100 100 100

Table 3 Cytotoxicity of compounds 15, 16, 17, 18, 19, 20 and Doxorubicin against hepatocellular

HePG2

carcinoma cell line

Concentration ug/mL

Viability (%)/compound

15 16 17 18 19 20 Doxorubicin
500 6.49 4.31 6.78 4.68 3.84 691 36
250 11.25 11.72 15.93 10.35 9.65 11.76 397
125 1943 18.25 24.85 17.46 13.81 20.95 6.43
62.5 3061 23.87 3491 25.72 19.46 3247 9.68
31.25 3945 30.64 42.87 32.69 25.83 44.35 16.45
15.6 51.26 3892 67.29 44.82 3217 76.97 23.87
7.8 67.18 47.30 83.97 51.96 39.68 89.50 30.69
3.9 84.91 64.59 91.48 64.53 48.54 94.16 37.54
2 9273 76.28 98.02 72.31 61.83 98.73 4291
1 96.48 81.49 100 79.48 69.42 100 48.76
0 100 100 100 100 100 100 100
Table 4 Cytotoxicity of compounds 1, 2, 3, 4, 5, 6, 7 and 8 against breast carcinoma cell line MCF-7
Concentration pg/mL Viability (%)/compound

1 2 3 4 5 6 7 8

500 7.18 22.34 3.86 9.26 4.23 37.15 16.27 8.07
250 13.95 3451 9.62 20.84 9.06 5149 29.38 16.56
125 24.82 45.28 14.87 28.63 15.38 74.01 38.69 24.56
62.5 32.93 73.69 20.65 36.59 21.75 88.63 49.16 31.88
31.25 45.06 86.13 26.83 42.67 2891 97.89 71.32 40.31
15.6 60.83 94.56 36.54 48.54 36.42 100 86.04 52.76
7.8 79.62 98.94 45.02 65.18 4237 100 93.76 68.49
3.9 85.21 100 60.89 80.95 50.16 100 9851 82.53
2 92.37 100 78.15 91.79 65.24 100 100 9142
1 98.64 100 86.41 95.48 76.35 100 100 97.17
0 100 100 100 100 100 100 100 100
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Table 5 Cytotoxicity of compounds 9, 10, 11a, 11b, 12, 13, 14 and 15 against breast carcinoma cell line MCF-7
Concentration pg/mL Viability (%)/compound

9 10 11a 11b 12 13 14
500 8.09 6.48 31.79 851 6.37 5.96 5.08
250 17.24 1572 4981 20.38 14.75 11.74 10.24
125 26.85 24.16 7826 32.75 23.81 20.82 18.76
62.5 37.51 35.29 89.47 45.06 34.93 2741 24.95
31.25 4597 4281 95.24 61.78 40.84 3492 30.88
15.6 57.20 51.56 99.71 79.39 49.60 4473 36.78
7.8 74.19 69.37 100 92.64 70.38 65.46 42.97
3.9 8843 86.02 100 98.25 81.49 79.25 51.36
2 95.72 93.88 100 100 92.63 90.48 59.28
1 99.34 97.40 100 100 96.75 96.23 72.83
0 100 100 100 100 100 100 100

Table 6 Cytotoxicity of compounds 15, 16, 17, 18, 19, 20 and Doxorubicin against breast carcinoma cell line MCF-7

Concentration pg/mL Viability (%)/compound

15 16 17 18 19 20 Doxorubicin
500 8.76 528 7.95 6.17 521 8.25 1.51
250 13.81 13.96 2134 1392 11.36 16.37 236
125 2692 2147 30.67 2140 20.84 28.72 321
62.5 37.24 3268 3872 2857 27.30 41.89 5.07
31.25 4817 3643 51.90 36.71 35.26 49.78 6.93
15.6 60.95 42.90 64.18 48.86 3948 80.93 1546
7.8 7643 51.72 7237 69.52 46.29 9234 19.89
3.9 89.71 69.37 8845 81.94 54.68 97.28 24.98
2 97.02 83.19 9232 90.68 69.31 100 31.69
1 100 9248 9745 96.25 8047 100 40.17
0 100 100 100 100 100 100 100

(E)-1-(2-{3-[1-(4-bromophenyl)ethylideneamino]-4-oxo-2-
thioxoimidazolidin-1-yl}acetyl)-3-methyl-1H-pyrazol-
5(4H)-one 5 Yellow crystals, in yield 74%, m.p 177—
179 °C. '"H-NMR (DMSO-dy): §=7.74 (d, 2H, J=8.5 Hz,
2CH), 7.65 (d, 2H, J=8.5 Hz, 2CH), 4.52 (s, 2H, CH,),
4.09 (s, 2H, CH,), 3.89 (s, 2H, CH,), 2.34 (s, 3H, CH;) and
1.89 (s, 3H, CH;) ppm. *C-NMR (DMSO-d,): §=171.73
(C=S), 168.02, 167.01, 164.60 (3C=0), 161.47, 161.29
(C=N), 136.68, 131.43, 128.53, 123.71 (C-aromatic),
61.33, 43.80, 32.16 (3CH,) and 20.47, 14.62 (2CHj;).
IR (KBr): 1716, 1741 (C=0), 1605, 1589 (2C=N) and
1386 (C=S) cm™'. MS: m/z (%): 450 (13), 449 (MT,
7Br, 23), 451 (M*, 8'Br, 7) and 427 (100). Anal. Calcd.
C,,H,BrN;O,S (450.31): C, 45.34; H, 3.58; Br, 17.74;
N, 15.55; S, 7.12;. Found. C, 45.38; H, 3.62; Br, 17.83; N,
15.49; S, 7.15.

(E)-3-[1-(4-bromophenyl)ethylideneamino]-1-{2-(3,5-
dimethyl-1H-pyrazol-1-yl)-2-oxoethyl}-2-thioxoimidazo-
lidin-4-one 6  Black crystals, in yield 82%, m.p 83-85 °C.
'H-NMR (DMSO-d,): §=7.89-7.65 (m, 5H, Ar-H),
4.52 (s, 2H, CH,), 4.10 (s, 2H, CH,), 2.57 (s, 3H, CH,),
2.34 (s, 3H, CH,) and 1.82 (s, 3H, CH,) ppm. *C-NMR
(DMSO-dy): §=170.05 (C=S), 166.18, 164.60 (2C=0),
160.36, 160.19 (2C=N), 138.16, 138.08, 132.57, 132.14,
128.20, 123.43 (C-aromatic) and 58.75, 31.19 (2CH,),
19.83, 16.34, 14.52 (3CH,) ppm. IR (KBr): 1722 (C=0),
1607, 1585 (2C=N) and 1370 (C=S) cm™'. MS: m/z (%):
448 (12), 447 (M*, Br, 5) and 450 (¥'Br, M* + 1, 14), 76
(100). Anal. Calcd. C;gH;gBrN:O,S (448.34): C, 48.22; H,
4.05; Br, 17.82; N, 15.62; S, 7.15. Found. C, 48.31; H, 3.95;
Br, 17.95; N, 15.70; S, 7.21.
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Table 7 IC,, of the tested compounds against hepatocel-
lular carcinoma cell line HePG2 and breast cancer cell line
MCF-7

Compound no. HepG-2 cell line MCF-7 cell line
1 14.7 26.3
2 102 115
3 4.54 6.58
4 154 14.9
5 342 3.98
6 229 276
7 515 613
8 14.1 19.1
9 14.9 256
10 135 184
11a 243 249
11b 322 533
12 10.9 154
13 12.9 13.6
14 233 453
15 173 29
16 719 932
17 26.6 358
18 9.94 15.2
19 3.78 6.08
20 285 311
Doxorubicin 0.85 0.35

(E)-1-(2-{3-[1-(4-bromophenyl)ethylideneamino]-4-
oxo-2-thioxoimidazolidin-1-yl}acetyl)pyrazolidine-3,5-di-
one7 Paleyellow crystals, in yield 69%, m.p 228-230 °C.
"H-NMR (DMSO-d): §=10.81 (s, 1H, NH), 7.66 (d, 2H,
J=8.5 Hz, 2CH), 7.63 (d, 2H, /=8.5 Hz, 2CH), 4.52 (s,
2H, CH,), 4.10 (s, 2H, CH,), 4.03 (s, 2H, CH,) and 2.34 (s,
3H, CH,) ppm. *C-NMR (DMSO-d,): §=174.12 (C=S),
169.25, 166.78, 165.44, 163.99 (4C=0), 159.89 (C=N),
132.41, 131.43, 128.45, 123.98 (C-aromatic), 58.55, 44.32,
31.73 (3CH,) and 16.67 (CH,) ppm. IR (KBr): 3196 (NH),
1717 (C=0), 1603 (C=N) and 1392 (C=S) cm™'. MS:
m/z (%): 453 (6), 452 (M™, "Br, 11) and 454 (M™, 8'Br,
10) and 101 (100). Anal. Caled. C,(H,,BrN;O,S (452.28):
C, 42.49; H, 3.12; Br, 17.67; N, 15.48; S, 7.09;. Found. C,
42.42; H, 3.15; Br, 17.60; N, 15.40; S, 7.11.

Synthesis of (E)-5-amino-1-(2-{3-[1-(4-bromophenyl)
ethylideneamino]-4-oxo-2-thioxoimidazolidin-1-yl}
acetyl)-1H-pyrazole-4-carbonitrile 8

To compound 4 (0.01 mol) dissolved in 50 mL absolute
ethanol was added slowly with shaking, ethoxymeth-
ylenemalononitrile (0.01 mol), after addition of about
half of the quantity, the solution was carefully heated to
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boiling. The remaining ethoxymethylenemalononitrile
was added, at such a rate to maintain gentle boiling of the
solution, after all the ethoxymethylenemalononitrile had
been added, the solution was gently boiled for an addi-
tional 30 min and finally was set aside overnight in the
refrigerator. The product formed was filtered off, dried
and crystallized from ethanol to give 8 as yellow crys-
tals, in yield 84%, m.p 198-200 °C. 'H-NMR (DMSO-dy):
§=7.79-7.62 (m, 5H, Ar—H, N=CH), 4.94 (s, 2H, NH,),
4.68 (s, 2H, CH,), 4.55 (s, 2H, CH,) and 2.35 (s, 3H, CH,)
ppm. *C-NMR (DMSO-d,): §=172.00 (C=S), 165.21,
162.77 (2C=0), 161.06, 160.87 (2C=N), 119.51 (CN),
136.79, 131.46, 131.39, 128.45, 128.26 (C-aromatic),
43.87, 32.30 (2CH,) and 14.49 (CH,) ppm. IR (KBr): 3289,
3194 (NH,), 2203 (CN), 1726, 1660 (C=0), 1606 (C=N)
and 1388 (C=S) cm™'. MS: m/z (%): 460 (5), 459 (M™,
7Br, 11), 461 (M*, *'Br, 10) and 383 (100). Anal. Cald.
C;,H,,BrN;O,S (460.31): C, 44.36; H, 3.07; Br, 17.36;
N, 21.30; S, 6.97. Found. C, 44.52; H, 3.13; Br, 17.48; N,
21.27; S, 6.83.

Synthesis of (E)-2-(2-{3-[1-(4-bromophenyl)
ethylideneamino]-4-oxo-2-thioxoimidazolidin-1-yl}
acetyl)-N-phenylhydrazinecarbothioamide 9

A mixture of 4 (0.01 mol) and phenyl isothiocyanate
(0.01 mol) in dimethylformamide (25 mL) was stirred under
reflux for 5 h. The reaction mixture then cooled to room
temperature, poured into ice water, then acidified with dilute
hydrochloric acid. The resulting solid was filtered off, washed
with water, dried and purified by crystallization from etha-
nol to give 9 as orange crystals, in yield 89%, m.p 68—70 °C.
'"H-NMR (DMSO-d,): 6=11.06 (s, 1H, NH), 8.54 (s, 1H,
NH), 9.86 (s, 1H, NH), 7.71-7.24 (m, 9H, Ar-H), 4.52 (s,
2H, CH,), 4.16 (s, 2H, CH,) and 2.33 (s, 3H, CH;) ppm. IR
(KBr): 3189 (NH), 1653, 1723 (C=0), 1607 (C=N) and 1385
(C=S) em™". MS: m/z (%): 519 (3), 518 (M*, "Br, 6), 520
(M, 8'Br, 5) and 438 (100). Anal. Calcd. Cy,H,4BrN,O,S,
(519.44): C, 46.24; H, 3.69; Br, 15.38; N, 16.18; S, 12.35.
Found. C, 46.19; H, 3.59; Br, 15.52; N, 16.25; S, 12.39.

Synthesis of (E)-3-[1-(4-bromophenyl)
ethylideneamino]-1-{(4-phenyl-5-thioxo-4,5-dihy-
dro-1H-1,2,4-triazol-3-yl)methyl}-2-thioxoimidazoli-
din-4-one 10

A solution of 9 (0.01 mol) in ethanol (30 mL) was added
with sodium hydroxide (30 mL/1 N), then heated under
reflux for 4 h. The reaction mixture was cooled and acidi-
fied with diluted hydrochloric acid. The solid formed
was filtered off, washed with water, dried and puri-
fied from ethanol to give 10 as white crystals, in yield
66%, m.p 48—50 °C. 'H-NMR (DMSO-d,): §=11.05 (s,
1H, NH), 7.79-7.35 (m, 9H, Ar-H), 4.53 (s, 2H, CH,),
4.04 (s, 2H, CH,) and 2.26 (s, 3H, CH,) ppm. *C-NMR
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(DMSO-d,): 6§=177.90, 172.27 (2C=S), 166.25 (C=0),
159.16, 159.02 (2C=N), 138.66, 137.83, 128.92, 128.51,
125.16, 124.70, 123.15, 121.76 (C-aromatic), 65.27, 30.77
(2CH,) and 14.03 (CH,) ppm. IR (KBr): 3408 (NH), 1715
(C=0), 1604 (C=N) and 1385 (C=S) cm~!. MS: m/z (%):
501 (6), 500 (M*, 7Br, 7), 502 (M*, 8'Br, 3). Anal. Calcd.
C,oH,,BrN,OS, (501.42): C, 47.91; H, 3.42; Br, 15.94; N,
16.76; S, 12.79. Found. C, 47.83; H, 3.30, Br, 15.90; N,
16.81; S, 12.83.

Syntheses of compounds 11aand 11b

A mixture of 4 (0.01 mol), aromatic aldehydes such as,
(isonicotinaldehyde and anisaldehyde) (0.01 mol) and
piperidine (1 mL) was fused on a hot plate at 100-110 °C
for half an hour, then ethanol (25 mL) was added and
refluxed for 2 h. The reaction mixture then cooled and
acidified with diluted hydrochloric acid. The resulting
solid was filtered off, washed with water, dried and puri-
fied by crystallization from proper solvent to give 11a, b.

(E)-2-{3-[1-(4-Bromophenyl)ethylideneamino]-4-oxo-2-t
hioxoimidazolidin-1-yl}-N'-(pyridin-4-ylmethylene)ace-
tohydrazide 11a  Pale yellow crystals, in yield 84%, m.p
270-272 °C (benzene). 'H-NMR (DMSO-d,): §=8.76-
7.64 (m, 10H, Ar—H, pyridine, =CH, NH), 4.51 (s, 2H,
CH,), 411 (s, 2H, CH,) and 2.32 (s, 3H, CH;) ppm.
BC-NMR (DMSO-d,): §=172.12 (C=S), 167.32, 163.44
(2C=0), 162.72, 142.32 (2C=N), 140.43, 136.71, 136.26,
131.58, 128.83, 124.15, 123.59 (C-aromatic), 43.71, 32.12
(CH,) and 14.38 (CH,) ppm. IR (KBr): 3190 (NH), 1678,
1724 (C=0), 1607 (C=N) and 1396 (C=S) cm™". MS:
m/z (%): 473 (28), 472 (M™, 7By, 74) and 474 (M™, ®'Br,
100). Anal. Calcd. CoH;,BrN;O,S (473.35): C, 48.21; H,
3.62; Br, 16.88; N, 17.75; S, 6.77. Found. C, 48.29; H, 3.64;
Br, 16. 89; N, 17.69; S, 6.70.

(E)-2-{3-[1-(4-Bromophenyl)ethylideneamino]-4-oxo-2-t
hioxoimidazolidin-1-yl}-N'-(4-methoxybenzylidene)ace-
tohydrazide 11b  Pale yellow crystals, in yield 79%, m.p
229-231 °C (EtOH). 'H-NMR (DMSO-d,): §=11.63 (s,
1H, NH), 7.98-7.00 (m, 9H, Ar-H, =CH), 4.46 (s, 2H,
CH,), 4.08 (s, 2H, CH,), 3.87 (s, 3H, OCH,) and 2.33
(s, 3H, CH;) ppm. *C-NMR (DMSO-dy): §=172.73
(C=S), 167.10, 162.54 (2C=0), 161.02, 141.99 (2C=N),
141.03, 136.26, 128.45, 128.45, 126.47, 123.46, 121.06,
120.98 (C-aromatic), 56.77 (OCHj,), 44.49, 32.23 (2CH,)
and 14.44 (CH;) ppm. IR (KBr): 3189 (NH), 1675, 1723
(C=0), 1608 (C=N) and 1395 (C=S) cm~'. MS: m/z
(%): 502 (38), 501 (M*, 7Br, 98) and 503 (M, ®'Br, 100).
Anal. Calcd. C,;H,,BrN;O,S (502.38): C, 50.21; H, 4.01;
Br, 15.90; N, 13.94; S, 6.38,. Found. C, 50.10; H, 3.87: Br,
16.03; N, 14.02; S, 6.30.
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Syntheses of compounds 12 and 13

A mixture of 1 (0.01 mol) and triethyl orthoformate and/
or diethyl oxalate (0.01 mol) in xylene (25 mL) in the
presence of sodium metal (0.50 g), was heated under
reflux for 4 h, then filtered upon hot and the filtrate then
concentrated, cooled and the solid formed was filtered
off, dried and purified by crystallization from ethanol to
give 12 and 13, respectively.

(E)-3-[1-(4-Bromophenyl)ethylideneamino]-5-(ethoxym
ethylene)-2-thioxoimidazolidin-4-one 12 Brown crys-
tals, in yield 73%, m.p 181-183 °C. H-NMR (DMSO-
dg): 6=11.42 (s, 1H, NH), 7.74 (d, 2H, /=8.5 Hz, 2CH),
7.66 (d, 2H, J=8.5 Hz, 2CH), 7.08 (s, 1H, =CHO), 4.15
(¢ 2H, J=8.6 Hz, CH,), 2.29 (s, 3H, CH,) and 1.05
(t, 3H, J=6.8 Hz, CH,) ppm. *C-NMR (DMSO-d):
5=172.09 (C=S), 164.58 (C=0), 159.32 (C=N), 135.92
(CH), 133.99, 131.70, 128.24, 123.33 (C-aromatic), 115.45
(HNC=), 65.57 (CH,) and 18.28, 14.32 (2CH,) ppm. IR
(KBr): 3320 (NH), 1751 (C=0), 1621 (C=N) and 1396
(C=S) cm™t. MS: m/z (%): 368 (5), 367 (M*, 7°Br, 4), 369
(M, ¥Br, 3) and 57 (100). Anal. Caled. C;,H;,BrN;0,S
(368.25): C, 45.66; H, 3.83; Br, 21.70; N, 11.41; S, 8.71.
Found. C, 45.57; H, 3.72; Br, 21.68; N, 11.48; S, 8.58.

(E)-Ethyl  2-{1-[1-(4-bromophenyl)ethylideneamino]-5-oxo-
2-thioxoimidazolidin-4-yl}-2-oxoacetate 13 Yellow
crystals, in yield 75%, m.p 161-163 °C. "H-NMR (DMSO-
dg): 6=12.00 (s, 1H, NH), 7.74 (d, 2H, J=8.5 Hz, 2CH),
7.66 (d, 2H, J=8.5 Hz, 2CH), 4.43 (s, 1H, CH), 4.20 (q,
2H, J=4.2 Hz, CH,), 2.26 (s, 3H, CH;) and 1.09 (t, 3H,
J=4.2 Hz, CH,) ppm. *C-NMR (DMSO-d,): § =176.02
(C=S), 166.82, 163.64, 163.11 (C=0), 160.13 (C=N),
133.89, 131.40, 128.70, 123.38 (C-aromatic), 72.31 (CH),
56.03 (CH,) and 14.44, 13.79 (2CH,) ppm. IR (KBr):
3411 (NH), 1716 (C=0), 1762 (C=0 ester), 1606 (C=N)
and 1389 (C=S) cm™L. MS: m/z (%): 412 (6), 411 (M*,
"Br, 8), 413 (M, ®Br, 13) and 75 (100). Anal. Calcd.
C,;H,,BrN;O,S (412.26): C, 43.70; H, 3.42; Br, 19.38;
N, 10.19; S, 7.78. Found. C, 43.58; H, 3.47; Br, 19.51; N,
10.05; S, 7.65.

Syntheses of compounds 14 and 15

A mixture of 13 (0.01 mol) and o-phenylenediamine or
2-aminophenol (0.01 mol) in acetic acid (25 mL) was
fused under reflux for 2-3 h, then cooled. The solid
formed was filtered off, washed with ethanol, dried and
purified by crystallization from ethanol to give 14 and 15.

(E)-5-(1H-benzo[d]imidazole-2-carbonyl)-3-[1-(4-bromo-
phenyl)ethylideneamino]-2-thioxoimidazolidin-4-one
14 Brown crystals, in yield 63%, m.p 238-240 °C.
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"H-NMR (DMSO-dy): §=11.99 (s, 1H, NH), 10.26 (s,
1H, NH), 7.91-7.55 (m, 8H, Ar-H), 4.30 (s, 1H, CH) and
2.28 (s, 3H, CH,) ppm. *C-NMR (DMSO-d): §=178.97
(C=S), 169.08, 167.10 (2C=0), 160.27, 146.63 (2C=N),
136.89, 135.80, 131.56, 130.22, 128.41, 127.30, 123.38,
122.90 (C-aromatic), 73.3 (CH) and 14.47 (CH;) ppm.
IR (KBr): 3385, 3305 (2NH), 1704, 1730 (2C=0), 1615
(C=N) and 1393 (C=S) cm™'. MS: m/z (%): 456 (4), 455
(M*, ”Br, 6), 457 (M, 81Br, 3) and 339 (100). Anal. Caled.
C,oH 4BrN;O,S (456.32): C, 50.01; H, 3.09; Br, 17.51; N,
15.35; S, 7.03. Found C, 49.91; H, 2.93; Br, 17.49; N, 15.42;
S,7.11.

(E)-5-(Benzo[d]oxazole-2-carbonyl)-3-[1-(4-bromophenyl)
ethylideneamino]-2-thioxoimidazolidin-4-one 15 Pale
orange crystals, in yield 65%, m.p 103—105 °C. 'H-NMR
(DMSO-dy): §=9.87 (s, 1H, NH), 7.89-7.20 (m, 8H,
Ar-H), 4.30 (s, 1H, CH) and 2.31 (s, 3H, CH;) ppm. IR
(KBr): 3198 (NH), 1661, 1705 (2C=0), 1616 (C=N)
and 1394 (C=S) cm™'. MS: m/z (%): 457 (48), 456 (M™,
7Br, 39), 458 (M, #!Br, 75) and 443 (100). Anal. Calcd.
C,oH;3BrN,O5S (457.30): C, 49.90; H, 2.87; Br, 17.47;
N, 12.25; S, 7.01. Found. C, 49.81; H, 2.75; Br, 17.62; N,
12.32; S, 6.91.

Synthesis of (E)-1-acetyl-3-[1-(4-bromophenyl)
ethylideneamino]-2-thioxoimidazolidin-4-one 16

A solution of 1 (0.01 mol) in acetic anhydride (25 mL) was
heated under reflux for 2 h, then cooled and the result-
ing solid was collected by filtration, dried and purified
by crystallization from benzene to give compound 16, as
white crystals, in yield 88%, m.p 164—166 °C. 'H-NMR
(DMSO-dy): 6=7.59 (d, 2H, J=8.5 Hz, 2CH), 7.43 (d, 2H,
J=8.5Hz, 2CH), 4.34 (s, 2H, CH,), 2.23 (s, 3H, CH;) and
2.07 (s, 3H, CH,) ppm. *C-NMR (DMSO-d): §=172.13
(C=S), 164.75, 163.69 (2C=0), 159.83 (C=N), 137.28,
131.36, 128.42, 122.26 (C-aromatic), 82.16 (CH,), 22.16
(CH,) and 19.47 (CH,) ppm. IR (KBr): 1647, 1716 cm™!
(2C=0), 1600 (C=N) and 1395 (C=S) cm™'. MS: m/z
(%): 354 (22), 353 (M, ”Br, 91) and 355 (M™, ®'Br, 100).
Anal. Calcd. C;3H;,BrN;O,S (354.22): C, 44.08; H, 3.41;
Br, 22.56; N, 11.86; S, 9.05;. Found. C, 43.92; H, 3.45; Br,
22.64; N, 11.93; S, 9.13.

Synthesis of (E)-1,5-diacetyl-3-[1-(4-bromophenyl)

ethylideneamino]-2-thioxoimidazolidin-4-one 17

A mixture of 1 (0.01 mol) and fused sodium acetate
(0.02 mol) in acetic anhydride (25 mL) was heated under
reflux for 3 h, then cooled and poured into ice-water. The
resulting solid was filtered off, washed with water, dried
and purified by crystallization from benzene to give 17
as pale yellow crystals, in yield 62%, m.p 183-185 °C.
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'"H-NMR (DMSO-d,): §=7.54 (d, 2H, /=8.5 Hz, 2CH),
743 (d, 2H, J=8.5 Hz, 2CH), 5.08 (s, 1H, CH), 2.25 (s,
3H, CH,), 2.23 (s, 3H, CHs), 2.18 (s, 3H, CH,) ppm. 3C-
NMR (DMSO-d,): §=169.56 (C=S), 167.85, 164.89,
163.14 (3C=0), 159.85 (C=N), 137.56, 131.42, 128,
28, 122.36 (C-aromatic), 78.00 (CH), 22.48, 22.20 and
18.58 (3CH,). IR (KBr): 1646, 1723 and 1752 (3C=0),
1601 (C=N) and 1397 (C=S) cm™ % MS: m/z (%): 396
(4), 395 (M™, °Br, 18), 397 (M*, 81Br, 16) and 313 (100).
Anal. Caled. C,5H,,BrN;0,S (396.26): C, 45.47; H, 3.56;
Br, 20.16; N, 10.60; S, 8.09. Found. C, 45.38; H, 3.59; Br,
20.12; N, 10.70; S, 7.98.

Synthesis of (2)-1-acetyl-3-[(E)-1-(4-bromophenyl)ethy
lideneamino]-5-(4-hydroxy-3-methoxybenzylidene)-2
-thioxoimidazolidin-4-one 18

A mixture of 16 (0.01 mol), vanillin (0.01 mol) and
piperidine (1 mL) was fused on a hot plate at 100-110 °C
for half an hour, then ethanol (25 mL) was added and
refluxed for 2 h. The reaction mixture then cooled and
acidified with diluted hydrochloric acid. The resulting
solid was filtered off, washed with water, dried and puri-
fied by crystallization from EtOH to give 18 as yellow
crystals, in yield 73%, m.p 78—80 °C. 'H-NMR (DMSO-
dg): 6=10.26 (brs, 1H, OH), 7.61-6.95 (m, 8H, Ar-H,
CH olefinic), 3.82 (s, 3H, OCHj,), 2.32 (s, 3H, CH;) and
2.03 (s, 3H, CH;) ppm. IR (KBr): 3395-3340 (OH), 1751,
1706 (2C=0) groups, 1616 (C=N) and 1396 (C=S) cm™ .
MS: m/z (%): 488 (11), 487 (M™, °Br, 41), 489 (M™, 3'Br,
39) and 430 (100). Anal. Calcd. C,;H,4BrN;0O,S (488.35):
C, 51.65, H, 3.72; Br, 16.36; N, 8.60; S, 6.57. Found. C,
51.73; H, 3.73; Br, 16.28; N, 8.55; S, 6.50.

Synthesis of (E)-3-[1-(4-bromophenyl)ethylideneamino]-1-[
(diethylamino)methyl]-2-thioxoimidazolidin-4-one 19

To a solution of 1 (0.01 mol) soluble in 50 mL ethanol
was added, a mixture of secondary amines (0.01 mol)
(diethylamine) and aqueous formaldehyde 37% (1.25 mL)
dissolved in 10 mL ethanol, drop wise throw 30 min, then
stirred at room temperature for 3 h. Finally refrigerated
for 48 h to form crystals. The solid formed was filtered
off and crystallized from ethanol to give compound 19
as pale yellow crystals, in yield 70%, m.p 122-124 °C.
'"H-NMR (DMSO-dy): §="7.75 (d, 2H, J=8.5 Hz, 2CH),
7.71 (d, 2H, J=8.5 Hz, 2CH), 4.55 (s, 2H, CH,), 3.89 (s,
2H, CH,), 2.80 (q, 4H, /=6.8 Hz, 2CH,), 2.29 (s, 3H,
CH,) and 1.08 (t, 6H, /=6.8 Hz, 2CH,) ppm. IR (KBr):
2820, 2854 (C-aliphatic), 2970 (C-aromatic), 1720 (C=S),
1612 (C=N) and 1384 (C=S) cm™'. MS: m/z (%): 397
(10), 396 (M, 7Br, 15), 398 (M*, ¥'Br, 7) and 298 (100).
Anal. Caled. C,¢H,;BrN,OS (397.33): C, 48.37; H, 5.33;
Br, 20.11; N, 14.10; S, 8.07. Found. C, 48.30; H, 5.38; Br,
20.23; N, 13.98; S, 8.14.
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Synthesis of (1E,2E)-1,2-bis[1-(4-bromophenyl)ethylidene]
hydrazine 20

A mixture of 1 (0.0l mol) and hydrazine hydrate
(0.03 mol) was fused on a hot plate at 100-120 °C for
half an hour, then adding ethanol (25 mL). The reaction
mixture was heated under reflux for 2 h, then poured
into ice water and acidified with hydrochloric acid (1 N).
The crude product obtained was filtered off, washed with
water, dried and purified by crystallization from ethanol
to give 20 as white crystals, in yield 78%, m.p 84-86 °C.
"H-NMR (DMSO-d,): §=7.55 (d, 4H, J=8.5 Hz, 4CH),
7.47 (d, 4H, J=8.5 Hz, 4CH) and 2.00 (s, 6H, CH,) ppm.
BC.NMR (DMSO-d,): 6=140.82 (2C=N), 139.04,
131.00, 126.77, 120.01 (C-aromatic) and 11.19 (2CH,)
ppm. MS: m/z (%): 394 (33), 393 (M™, Br, 9), 395 (M™,
81Br, 8) and 55 (100). Anal. Caled. C,¢H,, Br,N, (394.10):
C, 48.76; H, 3.58; Br, 40.55; N, 7.11. Found. C, 48.82; H,
3.62; Br, 40.39; N, 7.05.

Cytotoxicity Assay

In 96-well plate, the cells were seeded at a cell con-
centration of 1 x 10* cells per well in 100 uL of growth
medium. Different concentrations from the tested sam-
ple in fresh medium were added after 24 h of seeding.
The tested compounds underwent serial two-fold dilu-
tions, then added to confluent cell monolayers dispensed
into 96-well, flat-bottomed microtiter plates (Falcon,
NJ, USA) using a multichannel pipette. For a period of
48 h, the microtiter plates were incubated in a humidi-
fied incubator with 5% CO, at 37 °C. For each concentra-
tion of the samples, three wells were used. Control cells
were incubated without test sample and with or without
DMSO. After incubation of the cells at 37 °C, various
concentrations of the sample were added, and the incu-
bation was continued for 24 h and viable cells yield was
determined by a colorimetric method.

In brief, media were aspirated and the crystal violet
solution (1%) was added to each well for at least 30 min
after the end of the incubation period. All excess stain is
removed, where the plates were rinsed using tap water.
To all wells, glacial acetic acid (30%) was then added and
mixed thoroughly, and then the absorbance of the plates
was measured after gently shaken on the Microplate
reader (TECAN, Inc.), using a test wavelength of 490 nm.
All results were corrected for background absorbance
detected in wells without added stain. Treated samples
were compared with the cell control in the absence of the
tested compounds. All experiments were carried out in
triplicate. The cell cytotoxic effect of each tested com-
pound was calculated. The optical density was measured
with the microplate reader (Sunrise, TECAN, Inc, USA)
to determine the number of viable cells and the percent-
age of viability was calculated as [1 — (ODt/ODc)] x 100%

Page 12 of 13

where ODt is the mean optical density of wells treated
with the tested sample and ODc is the mean optical den-
sity of untreated cells. The relation between surviving
cells and drug concentration is plotted to get the survival
curve of each tumor cell line after treatment with the
specified compound. The 50% inhibitory concentration
(ICsp), the concentration required to cause toxic effects in
50% of intact cells, was estimated from graphic plots of
the dose—response curve for each conc. using Graphpad
Prism software (San Diego, CA. USA).
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